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Chapter 5- 


Magnetism and Matter 


Multiple Choice Questions I 


5.1. A toroid of n turns, mean radius R and cross-sectional radius a carries current I. It is placed ona 
horizontal table taken as x-y plane. Its magnetic moment m 
a) is non-zero and points in the z-direction by symmetry 


iri MiG 


b) points along the axis of the tortoid 

c) is zero, otherwise there would be a field falling as 1/r° at large distances outside the toroid 
d) is pointing radially outwards 

Answer: 

c) is zero, otherwise there would be a field falling as 1/r° at large distances outside the toroid 


5.2. The magnetic field of the earth can be modelled by that of a point dipole placed at the centre of the 
earth. The dipole axis makes an angle of 11.3° with the axis of the earth. At Mumbai, declination is nearly 
zero. Then, 

a) the declination varies between 11.3° W to 11.3° E 

b) the least declination is 0° 

c) the plane defined by dipole axis and the earth axis passes through Greenwich 

d) declination average over the earth must be always negative 

Answer: 

a) the declination varies between 11.3° W to 11.3° E 


5.3. In a permanent magnet at room temperature 

a) magnetic moment of each molecule is zero 

b) the individual molecules have non-zero magnetic moment which are all perfectly aligned 
c) domains are partially aligned 

d) domains are all perfectly aligned 

Answer: 

d) domains are all perfectly aligned 


5.4. Consider the two idealized systems: i) a parallel plate capacitor with large plates and small separation 
and ii) a long solenoid of length L >> R, radius of cross-section. In i) E is ideally treated as a constant 
between plates and zero outside. In ii) magnetic field is constant inside the solenoid and zero outside. These 
idealised assumptions, however, contradict fundamental laws as below: 

a) case (i) contradicts Gauss’s law for electrostatic fields 

b) case (ii) contradicts Gauss’s law for magnetic fields 


Pp Bad = 0 
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c) case (i) agrees with 


} Midi = fps 

d) case (ii) contradicts 

Answer: 

b) case (11) contradicts Gauss’s law for magnetic fields 


5.5. A paramagnetic sample shows a net magnetisation of 8 Am‘! when placed in an external magnetic field 


of 0.6T at a temperature of 4K. When the same sample is placed in an external magnetic field of 0.2T at a 
temperature of 16K, the magnetisation will be 

a) 32/3 Am! 

b) 2/3 Am! 

c)6 Am! 

d) 2.4 Am? 

Answer: 

b) 2/3 Am? 


Multiple Choice Questions II 


5.6. S is the surface of a lump of magnetic material 
a) lines of B are necessarily continuous across S 

b) some lines of B must be discontinuous across S 
c) lines of H are necessarily continuous across S 

d) lines of H cannot all be continuous across S 
Answer: 

a) lines of B are necessarily continuous across S 

d) lines of H cannot all be continuous across S 


5.7. The primary origin(s) of magnetism lies in 
a) atomic currents 

b) Pauli exclusion principle 

c) polar nature of molecules 

d) intrinsic spin of electron 

Answer: 

a) atomic currents 

d) intrinsic spin of electron 


5.8. A long solenoid has 1000 turns per meter and carries a current of 1 A. It has a soft iron core of ur = 
1000. The core is heated beyond the Curie temperature Tc 

a) the H field in the solenoid is unchanged but the B field decreases drastically 

b) the H and B fields in the solenoid are nearly unchanged 

c) the magnetisation in the core reverses direction 

d) the magnetisation in the core diminishes by a factor of about 108 

Answer: 

a) the H field in the solenoid is unchanged but the B field decreases drastically 

d) the magnetisation in the core diminishes by a factor of about 108 


5.9. Essential difference between electrostatic shielding by a conducting shell and magneto static shielding 
is due to 

a) electrostatic field lines can end on charges and conductors have free charges 

b) lines of B can also end but conductors cannot end them 

c) lines of B cannot end on any material and perfect shielding is not possible 

d) shells of high permeability materials can be used to divert lines of B from the interior region 

Answer: 

a) electrostatic field lines can end on charges and conductors have free charges 

c) lines of B cannot end on any material and perfect shielding is not possible 

d) shells of high permeability materials can be used to divert lines of B from the interior region 


5.10. Let the magnetic field on the earth be modelled by that of a point magnetic dipole at the centre of the 
earth. The angle of dip at a point on the geographical equator 

a) is always zero 

b) can be zero at specific points 

c) can be positive or negative 

d) is bounded 

Answer: 

b) can be zero at specific points 

c) can be positive or negative 

d) is bounded 


Very Short Answers 


5.11. A proton has spin and magnetic moment just like an electron. Why then its effect is neglected in 
magnetism of materials? 

Answer: 

The comparison between the spinning of a proton and an electron 1s done by comparing their magnetic dipole 
moment which is given as 

Up = eh/42mp 

Ue = eh/471me 

up/we = me/mp = 1/1837 >> 1 

Ep << pe 


5.12. A permanent magnet in the shape of a thin cylinder of length 10 cm has M = 106 A/m. Calculate the 
magnetisation current Im. 

Answer: 

Intensity of magnetisation = 10° A/m 

Length, |= 0.1 m 

M = Im/1 

Im=MI=10°A 


5.13. Explain quantitatively the order of magnitude difference between the diamagnetic susceptibility of N2 
and Cu. 

Answer: 

Density of nitrogen = 28 g/ 22400 cc 

Density of copper = 8 g/ 22400 cc 

Ratio of densities = 16 x 10° 

Diamagnetic susceptibility = density of nitrogen/density of copper = 1.6 x 107 


5.14. From molecular view point, discuss the temperature dependence of susceptibility for diamagnetism, 
paramagnetism, and ferromagnetism. 

Answer: 

The temperature dependence of susceptibility for a diamagnetism is not much affected by the temperature. 

The temperature dependence of susceptibility for a paramagnetism and ferromagnetism is affected by the 
temperature that is as the temperature rises, the magnetic moments get disturbed. 


5.15. A ball of superconducting material is dipped in liquid nitrogen and placed near a bar magnet. i) In 
which direction will it move? ii) What will be the direction of it’s magnetic moment? 
Answer: 


Bar magnet 


1) The superconducting material will move away from the bar magnet. 
11) The direction of the magnetic moment will be from left to right. 


Short Answers 


5.16. Verify the Gauss’s law for magnetic field of a point dipole of dipole moment m at the origin for the 
surface which is a sphere of radius R. 
Answer: 


P is the point at a distance r from O and OP, then magnetic field is given as: 


flo 2\cosé : 
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dS is the elementary area of the surface P, then 
dS =r’ (r* sin 0 d Or) 
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Solving the above we get, 


\ 
BdS = eae —~1]}=0 


5.17. Three identical bar magnets are riveted together at centre in the same plane as shown in the figure. 
This system is placed at rest in a slowly varying magnetic field. It is found that the system of magnets does 
not show any motion. The north-south poles of one magnet is shown in the figure. Determine the poles of 
the remaining two. 


Answer: 


The system will have a net torque and the net force equal to zero as the system is in equilibrium. 


5.18. Suppose we want to verify the analogy between electrostatic and magnetostatic by an explicit 
experiment. Consider the motion of i) electric dipole p in an electrostatic field EK and ii) magnetic dipole m 
in a magnetic field B. Write down a set of conditions on EK, B, p, m so that the two motion are verified to be 
identical. 

Answer: 

pE sin 0 = uB sin 0 

pE = uB 

E=cB 

pcB = uB 

p=p/e 


5.19. A bar magnet of magnetic moment m and moment of inertia I is cut into two equal pieces, 
perpendicular to length. Let T be the period of oscillations of the original magnet about an axis through the 
mid point, perpendicular to length, in a magnetic field B. What would be the similar period T’ for each 
piece? 

Answer: 

T is the time period 

I is the moment of inertia 

m is the mass of magnet 

B is the magnetic field 

T = 2nVI/MB 

Magnetic dipole moment M’ = M/2 


Time period is given as T’ = T/2 


5.20. Use i) the Ampere’s law for H and ii) continuity of lines of B, to conclude that inside a bar magnet a) 
lines of H run from the N pole to S pole, while b) lines of B must run from the S pole to N pole. 
Answer: 


C is the amperian loop which is given as 
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Solving the above equation we get the angle between more than 90° so that cos 0 is 
negative. 
Long Answers 
5.21. Verify the Ampere’s law for magnetic field of a point dipole of dipole moment m= mk Take C 


as the closed curve running clockwise along i) the z-axis from z = a > 0 to z = R; ii) along the quarter circle 
of radius R and centre at the origin, in the first quadrant of x-z plane; tii) along the x-axis from x = R to x = 
a and iv) along the quarter circle of radius a and centre at the origin in the first quadrant of x-z plane. 
Answer: 


a) 


Point dipole of 
dipole moment M 


— 


Along z-axis, magnetic field = 0M/42(1/a?-1/R?) 


b) 
Magnetic field at point A on the circular arc is = uom/42R? 


C) 


— 
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The magnetic moment is 0 
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d) 


The magnetic moment is 0 


5.22. What are the dimensions of y, the magnetic susceptibility? Consider an H-atom. Guess an expression 
for y, upto a constant by constructing a quanity of dimensions of y, out of parameters of the atom: e, m, v, 
R and w0. Here, m is the electronic mass, v is electronic velocity, R is Bohr radius. Estimate the number so 
obtained and compare with the value of | y| equivalent to 10° for many solid materials. 

Answer: 

ym = I/H = intensity of magnetisation/magnetising force 

y 1s dimensionless as I and H has same units 

y= 107 


5.23. Assume the dipole model for earth’s magnetic field B which is given by Bv = vertical component of 
magnetic field = p1o/42 2m cos 0/r*, BH = horizontal component of magnetic field = j10/42 2m sin 0m/r°, 0 = 
90° latitude as measured from magnetic equator. Find loci of points for which i) |B| is minimum ii) dip 
angle is zero, and iii) dip angle is +45°. 

Answer: 

a) |B| is minimum at the magnetic equator. 

b) Angle of dip is zero when 0 = 2/2 

c) When dip angle is +45°-0 = tan"is the locus. 


5.24. Consider the plane S formed by the dipole axis and the axis of earth. Let P be point on the magnetic 
equator and in S. Let Q be the point of intersection of the geographical and magnetic equators. Obtain the 
declination and dip angle at P and Q. 

Answer: 
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Point P is in the plane, S is in the north and the declination is zero. 

The declination is zero for point P as the point lies in the plane S formed by the dipole axis and the axis of the 
earth 

The angle of dip 1s zero for point Q as the point Q lies on the magnetic equator and the angle of declination is 
11.3°. 


5.25. There are two current carrying planar coils made each from identical wires of length L. C1 is circular 
and C2 is square. They are so constructed that they have same frequency of oscillation when they are 
placed in the same uniform B and carry the same current. Find a in terms of R. 

Answer: 

C; is the circular coil with radius R, length L, and no.of turns per unit length nl = L/22R 

C» is the square with side a, perimeter L, and no.of turns per unit length n2 = L/4a 


Magnetic moment of C; =m; = njiAy 
Magnetic moment of C2 = m2 = n2iA2 
mM = LiR/2 

m2 = Lia/ 4 

Moment of inertia of C; = I, = MR7/2 
Moment of inertia of C2 = Ma’/12 
Solving the above, we get, a= 3R 
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We are thrilled to introduce the School of Educators WhatsApp Group, a 
platform designed exclusively for educators to enhance your teaching & Learning 
experience and learning outcomes. Here are some of the key benefits you can 
expect from joining our group: 


BENEFITS OF SOE WHATSAPP GROUPS 
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e Abundance of Content: Members gain access to an extensive repository of 
educational materials tailored to their class level. This includes various formats such 
as PDFs, Word files, PowerPoint presentations, lesson plans, worksheets, practical 
tips, viva questions, reference books, smart content, curriculum details, syllabus, 
marking schemes, exam patterns, and blueprints. This rich assortment of resources 
enhances teaching and learning experiences. 


e Immediate Doubt Resolution: The group facilitates quick clarification of doubts. 
Members can seek assistance by sending messages, and experts promptly respond 
to queries. This real-time interaction fosters a Supportive learning environment 
where educators and students can exchange knowledge and address concerns 
effectively. 


e Access to Previous Years' Question Papers and Topper Answers: The group 
provides access to previous years' question papers (PYQ) and exemplary answer 
scripts of toppers. This resource is invaluable for exam preparation, allowing 
individuals to familiarize themselves with the exam format, gain insights into scoring 
techniques, and enhance their performance in assessments. 


Free and Unlimited Resources: Members enjoy the benefit of accessing an array of 
educational resources without any cost restrictions. Whether its study materials, 
teaching aids, or assessment tools, the group offers an abundance of resources 
tailored to individual needs. This accessibility ensures that educators and students 
have ample support in their academic endeavors without financial constraints. . 


Instant Access to Educational Content: SOE WhatsApp groups are a platform where ~ 
teachers can access a wide range of educational content instantly. This includes study 
materials, notes, sample papers, reference materials, and relevant links shared by 


group members and moderators. 


Timely Updates and Reminders: SOE WhatsApp groups serve as a source of timely 
updates and reminders about important dates, exam schedules, syllabus changes, and 
academic events. Teachers can stay informed and well-prepared for upcoming 
assessments and activities. 


Interactive Learning Environment: Teachers can engage in discussions, ask questions, 
and seek clarifications within the group, creating an interactive learning environment. 
This fosters collaboration, peer learning, and knowledge sharing among group 
members, enhancing understanding and retention of concepts. 


Access to Expert Guidance: SOE WhatsApp groups are moderated by subject matter 
experts, teachers, or experienced educators can benefit from their guidance, 
expertise, and insights on various academic topics, exam strategies, and study 
techniques. 


Join the School of Educators WhatsApp Group today and unlock a world of resources, 
support, and collaboration to take your teaching to new heights. To join, simply click 
on the group links provided below or send a message to +91-95208-77777 expressing 
your interest. 


Together, let's empower ourselves & Our Students and 
inspire the next generation of learners. 


Best Regards, 
Team 
School of Educators 
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You will get Pre- Board Papers PDF, Word file, PPT, Lesson Plan, Worksheet, pra@tical 
tips and Viva questions, reference books, smart content, curriculum, syllabUs, 
marking scheme, toppers answer scripts, revised exam pattern, revised syllabus, 
Blue Print etc. here . Join Your Subject / Class WhatsApp Group. 
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You will get Pre- Board Papers PDF, Word file, PPT, Lesson Plan, Worksheet, pra@tical 
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Groups Rules & Regulations: 
To maximize the benefits of these WhatsApp groups, follow these guidelines: 


1. Share your valuable resources with the group. 

2. Help your fellow educators by answering their queries. 

3. Watch and engage with shared videos in the group. 

4. Distribute WhatsApp group resources among your students. 
5. Encourage your colleagues to join these groups. 


Additional notes: 
1. Avoid posting messages between 9 PM and 7 AM. 
2. After sharing resources with students, consider deleting outdated data if necessary. 
3. It's a NO Nuisance groups, single nuisance and you will be removed. 
e No introductions. 
e No greetings or wish messages. 
e No personal chats or messages. 
e No spam. Or voice calls 
e Share and seek learning resources only. 


Please only share and request learning resources. For assistance, 
contact the helpline via WhatsApp: +91-95208-77777. 


Join Premium WhatsApp Groups 
Ultimate Educational Resources!! 


Join our premium groups and just Rs. 1000 and gain access to all our exclusive 
materials for the entire academic year. Whether you're a student in Class IX, X, XI, or 
XII, or a teacher for these grades, Artham Resources provides the ultimate tools to 
enhance learning. Pay now to delve into a world of premium educational content! 


Click here for more details 
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@ Don't Miss Out! Elevate your academic journey with top-notch study materials and secure 
your path to top scores! Revolutionize your study routine and reach your academic goals with 
our comprehensive resources. Join now and set yourself up for success! Ew 


Best Wishes, 


Team 
School of Educators & Artham Resources 
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